T HE minute amounts of thiocyanate normally present in urine, blood and saliva have stimulated the interest of many workers as to the origin of the cyanide and the pattern of conversion of cyanide to thiocyanate. The problem has toxicologic as well as physiologic importance because of the great toxicity of cyanide. The detoxication of cyanide in the animal body was first demonstrated by S. Lang (I, 2) who was able to show that after the injection of cyanide or of aliphatic nitriles in the rabbit, an increased amount of thiocyanate was excreted in the urine. Similar findings were reported by Heymanns and Mesoin (3). The formation of minute amounts of cyanide from products of protein metabolism and from the nitriles ordinarily present in foods and the conversion of that cyanide to thiocyanate was believed by these authors to account for the thiocyanate normally excreted from the body. The in vitro studies of this mechanism were initiated by Pascheles (4), who showed that liver and muscle tissue from the dog were able to produce thiocyanate after digestion with sodium cyanide, liver being more active in this respect than muscle. Kahn (5) concluded from this work and from a series of liver perfusion experiments in which the amount of thioctinate produced increased with the number of perfusion trips that the liver was an active factor in the production of thiocyanate.
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In 1933 Konrad Lang (6, 7) reported his experiments on the iut vitro production of thiocyanate from cyanide in the presence of sulfur. He postulated that an enzyme was responsible for the conversion of cyanide to thiocyanate, described it as heatlabile and rapidly acting, and gave PH and substrate-concentration optima. The enzyme, which he termed 'rhodanese,' was widely distributed in animal tissues and was present in large amounts in the liver. Lang, therefore, suggested that the formation of thiocyanate was the principal route of detoxication of cyanide in the body and that the liver was the chief site of this detoxication. Cosby and Sumner (8) puri-fied this enzyme to some extent and made further studies of its properties. This paper deals largely with the distribution of the enzyme in various organs and tissues.
EXPERIMENTAL
Tissues obtained from 7 dogs, 5 monkeys, 9 rats and 9 rabbits were assayed for their enzyme content in terms of the ability of one gram of tissue to produce thiocyanate from cyanide. The most extensive work was done on the dog from which tissues of the suprarenals (cortex and medulla separately), liver, kidney, heart, lungs, skeletal muscle, pancreas, spleen, cervical lymph nodes, testes, ovaries, salivary glands, intestine (duodenum, jejunum), spinal cord (cervical, lumbar, sacral regions separately), brain, (cortex, caudate nucleus, a mid-brain section [hypothalmus, thalmus and pons], cerebellum and medulla separately), the optic nerve, the epididymis, thyroid, eye, anterior pituitary and blood components were tested.
The animals were rendered unconscious either by injection of pentobarbital in the case of dogs or by a blow on the head in the case of smaller animals. Monkey tissues were obtained from animals which had received either curare or pentobarbital or both. Tissues were removed from the body as rapidly as possible and homogenates prepared in IO volumes of distilled water. Tissues weighing IO grams or more were homogenized in a Waring Blender and filtered through two thicknesses of cheesecloth; those tissues weighing less than IO grams were homogenized by hand.l The homogenates were stored in the refrigerator at 5OC.
Preliminary observations indicated that a system containing phosphate buffer PH 7.4,0.42 M sodium thiosulfate, 0.3 cc. tissue homogenate, 0.14 M KCN in a total volume of 9.2 cc. added in the order named and shaken for 15 minutes at 37&C. gave conditions reasonably near the optimum for all tissues. The enzymatic activity was stopped by adding IO cc. of a ferric nitrate-nitric acid solution exactly 15 minutes after the addition of the KCN.
The reaction mixture was then diluted to 25 cc. with distilled water, shaken, centrifuged and allowed to stand 15 minutes to permit the violet color formed by the excess thiosulfate to fade. Thiocyanate was determined spectrophotometrically, a standard curve being prepared by adding known amounts of thiocyanate to the tissue system in the absence of cyanide.
Since the color of the iron-thiocyanate complex was too intense at concentrations greater than a few micrograms, it was necessary to dilute tissue homogenates which formed more than this amount of thiocyanate under the standard conditions shown above. The validity of such dilution is shown in figure I .
Fourteen different sulfur-containing compounds of physiologic and pharmacologic interest were tested for their ability to replace thiosulfate in the standard system. The compounds were added in such amounts that they could furnish the same quantity of sulfur as did the thiosulfate.
Slices, minces and homogenates prepared from representative samples of the dog and rabbit liver and of rabbit cerebral hemispheres were compared in respect to ability to form thiocyanate in the standard system.
RESULTS
The dogs studied showed a wide variation in the enzyme content of their tissues (table I) .
However, in all dogs irrespective of the absolute value obtained, certain tissues always ranked highest and others always contained minimal amounts of the enzyme. The suprarenal gland had the highest enzyme content, the activity being almost entirely concentrated in the cortex. The dog apparently is unique, as the suprarenals from other species showed no great concentration of the enzyme as compared with other organs. Of the latter, liver was the highest although its value was often as low as a fifth of that of the suprarenals.
The various parts of the brain and spinal cord, the kidney and testes had relatively large amounts; other tissues, such as heart, intestine, spleen, lung, muscle and salivary gland, had smaller quantities, while the content of red blood cells and plasma was barely measurable.
The two female dogs had the highest concentration of enzyme in the liver; in one, the liver value was even greater than the suprarenal.
Unfortunately, not enough females were available to investigate a sex difference.
The monkeys studied contained more enzyme in the liver than in any other organ, the kidney being the next highest. The content of these organs was much higher than in the dog. Heart, and muscle also, contained higher concentrations than the dog tissues. The other organs, and the parts of the central nervous system, however, ranked with the same tissues from the dog.
Rabbit homogenates tended to have a little higher enzyme activity than those of monkey organs. The difference, however, was again not marked in the parts of the central nervous system. The same may be said for the rat-liver and kidney contained higher concentrations of enzyme than were present in the other species, but the parts of the central nervous system were about the same as in the dog.
In general, it can be said that while the enzymatic activities of liver, kidney, muscle and suprarenals vary markedly from species to species, the activity of the parts of the brain does not. The species grouped according to increasing activity of their liver and kidney homogenates are dog, monkey, rabbit and rat. cr-naphthylthiourea, but no conversion occurred with the sulfur-containing amino acids (table 3) . DISCUSSION The enzyme responsible for the conversion of cyanide to thiocyanate is widely distributed in the animal body and in relatively large amounts.
Mendel et al. (9) report a different distribution pattern than we do. This discrepancy may be due to the fact that they did not use the same amounts of cyanide and thiosulfate that we did and that they studied only tissues from the rat, whereas most of our data is based on the dog. On the basis of their data they suggest that this enzyme is concentrated in those tissues whose metabolism would be markedly inhibited by small amounts of cyanide, for the purpose of removing any traces of cyanide formed in metabolism. Our distribution data on tissues from dogs and other species do not permit us to concur with their opinion and we feel that an enzyme so widely distributed in such large quantities probably has some metabolic function other than the detoxication of cyanide.
It is difficult to make a comparison between our data and Lang's (6) because he used an acetone powder, the preparation of which may have resulted in variable losses of activity and because he expressed his data in arbitrary units based on the activity of the dry powder. But, with one or two exceptions, our data on the distribution of activity in tissues of the dog seem to agree well with his. The data suggest that even though the liver undoubtedly plays a major role in removing cyanide, detoxication probably occurs in all parts of the body. The high activity of various parts of the brain, taken together with the very large blood flow through that organ and the large mass of muscle even with a relatively low activity, should make brain and muscle important sites of detoxication.
In attempting to relate in vitro work to the intact animal that has been poisoned with cyanide, several questions present themselves. An in vitro system such as described here completely avoids the problem of cellular permeability. Cyanideis known to enter the cell readily and probably combines at once with the cytochrome oxidase present (IO). Thiosulfate on the other hand probably penetrates more slowly, if at all, since Gilman et al. (I I) have shown that 70 to 80 per cent of injected thiosuifate is excreted unchanged. The data presented on the different activities of slices, mince and homogenate indicate that the factor of permeability may play an important part in determining how much cyanide can be detoxified by an aninal, irrespective of the amount of enzyme present.
Calculating from the in vitro results, the amounts of cyanide which the tissues of the dog can theoretically convert to thiocyanate in a IS-minute period are enormous. The whole liver of one dog studied could have detoxified 4,015 grams of cyanide and the total skeletal muscle of the same dog, 1,763 grams.
These amazingly large amounts of cyanide with which a tissue can deal in vitro as compared with the relatively small size of a fatal dose suggest that availability of sulfur, not quantity of enzyme present, is the limiting factor in the in vivo detoxification. This concept is strengthened by the work of Chen, Rose and Clowes, among many others, showing that injection of thiosulfate is capable of increasing the LDso as much as three to four times (I 2). In vitro at least the conversion of cyanide to thiocyanate does not proceed efficiently unless a thiosulfate concentration of at least three times the molar concentration of cyanide is present. That such a concentration of thiosulfate exists normally in the cell is doubtful. Our data do not suggest that any of the tested compounds other than thiosulfate are effective as sulfur donors, thus leaving the question of the source of sulfur in the cells for formation of thiocyanate still unanswered. Tissue homogenates in our procedure did not contain or could not make sufficient thiosulfate, even over a period of 18 hours, to convert a measurable amount of cyanide to thiocyanate. It is probable, however, that our treatment of the homogenate resulted in loss of the enzyme system which Smythe (13), Fromageot (14) and Garabedian (I 5) have suggested converts the sulfur of amino acids to sulfide and then to thiosulfate, since that system is known to be unstable. Such a formation of thiosulfate, however, would probably proceed too slowly and be too limited by the quantity of sulfur-containing amino acids present to permit rapid detoxication.
Although the content of enzyme of the various species varies greatly in liver, kidney and suprarenal glands, that of the central nervous system does not. These data may account for the fact that the LDbo for intravenously injected sodium cyanide is approximately the same for all these species. On the other hand, the differ-ence in enzyme activity of the livers from two of the species tested appears to have a relation to the rate at which cyanide is detoxified when given in sublethal doses. Mukerji and Smith (16) reported that rabbits were able to detoxify cyanide rapidlynearly all the cyanide being recovered as thiocyanate in the urine within 24 to 48 hours. In the dog, however, less than 25 per cent of the injected cyanide was recovered within a period of seven days. SUMMARY I. The distribution of the enzyme capable of converting cyanide to thiocyanate in homogenates prepared from tissues of the dog, rhesus monkey, rabbit and rat was studied.
2. No marked species difference was observed in the activity of homogenates prepared from parts of the central nervous system. Other tissue homogenates, however, showed a wide variation, the activity increasing in the following order: dog, rhesus monkey, rabbit and rat.
3. The thiosulfate ion was the only sulfur-containing compound found capable of efficiently providing sulfur in the in z&o system. 4 . Data are presented to show the intracellular character of the enzyme responsible for thiocyanate production. The significance of the enzyme system in connection with the in vivo detoxication of cyanide is discussed, Since this paper was written determinations of the enzyme activity of samples of human liver, kidney and suprarenals obtained at autopsy have been made. These gave values of I .30, o. 22 and o. 14 mgm. of cyanide converted to thiocyanate for the three tissues respectively.
